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In which one of our redoubtable 
English cousins does a Professor 
Higgins on Heath's metered sine~ 
square oscillator and turns an 
Eliza Doolittle into a lady of 
ravishing style and performance. 


WOULD YOU like to om a gen- 
inely high grade sine and 
{fire wave audio generator? Just 


Took at these specifications: 


RANGE: | Hz - 100KMz sine or sq. 

RISE TIME: 12 nanoseconds 

T.M.0,2 +018; typically, 0+002~ 
0-005% 


ACCURACY: better than 40+5% 


AMPLITUDE STABILITY: #1 68. 

Yes, I can hear you say, and 
where'do I rustle up the $400 or 
more for what is obviously a labor~ 
atory standard instrument? Well, 
you lucky Audio Antour subscriber, 
read on, for you can be the proud 
omer of an instrument in this 
class and for a bare fraction of 
that price tag. 

he of my professional tasks is 
evaluation of new products for the 
most popular of English audio mga- 
zines Hi-Fi vows, Last year, T had 
the good fortune to undertake a re- 
view of the new Heathkit model 1G 
18 audio generator, This transis~ 
tor version of their popular tubed 
model Ig-72 has identical perfor~ 
mance and ranges, but also includes 
@ square wave section, 

Heath's specifications of the new 
model are modest, with a claim for 
Jess than O-1$ distortion, 258 fre- 
quency accuracy and a square wave 
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time of better than $0 nano- 
nds. In fact, a tolerably good 
performance for something aimed at 
the service shop or the not-so-cri- 
tical amateur, The kit had a couple 
of errors when I came to check it 
out, but these were corrected with 
the willing cooperation of the 
British company, (I'll be mentioning 
these Later on.) 

In wy subsequent appraisal of the 
product, therefore, I was pleased 
to give it a warm welcome, with a 
mild qualification about its total 
harmonic distortion which it barely 
net. 


What about my warranty? 


Later, hovever, while idly studying 
the schematic, I began to realize 
Heath had given us a laboratory 
standard instrument in exbryo, 
since the basic circuit desi g 
philosophy was sound and needed 
just a fev refinesents here and 
there, to bring about quite a 
startling performance inprovenent. 
To begin, you vill need a Heath 
16-18 audio generator kit costing 
$67.50, One word of warming, how- 


FIG.1. Simplified schematic of the 
operational azplifier feath used in 
the 16-18 design. The triangle is 
the amplifier; its - input the in- 
verting, the + the non-inverting. 


ever, Quite rightly, our friends in 
Benton Harbor are perfectly en- 
titled to invalidate their warranty 
if the owner makes unauthorized 
changes in their kit. Their excell- 
ent construction manuals usually 
make this quite clear, So first, 
you should build the kit as the 
manual directs and get it working 
exactly as they specify, In this 
way you can be sure the kit is free 
of basic flaws before making chang- 
es in it, 

If subsequent to modifying the 
kit, you have trouble and want to 
return it to Heath, then you must 
be prepared to renove the modifica 
tions 1 shall be describing, On the 
other hand, I'm prepared to give 
assistance to any Audio Amateur 
reader who may write to me in care 
of the magazine, 


How these oscillators work 


‘The 16-18, in common with most au- 
dio signal generators in use today, 
is a resistance/capacitance (RC) 
type, which means the frequency of 
oscillation is deternined by sharp- 
ly frequency selective resistance/ 
capacitance networks, Sometines, 
the networks are in the bridge form, 
fas in the so-called Wein bridge os~ 
cillators; or, as in the case of 
the 1G-18, the frequency deternin- 
ing elements are in a "bridged T 
confi guration, 

This network type simlates a 
broadly tuned resonant circuit, and 
in the 1G-18 is inserted in the de- 
generative, or negative feedback 
path of a high gain amplifier, Nog- 
ative feedback is at a miximin, ex- 
cept at its Mnotch" frequency--s0 
if oscillation occurs, it can only 
be at this frequency, So by simply 
altering the values of R or C, the 
frequency of oscillation is deter 
mined very accurately, to a toler~ 
ance defined by the accuracy of the 
bridge components, What small er- 
rors that do occur, could be caused 
by phase shifts sithin the amplifi- 
er; s0 this mst be designed care- 
fully and have a bandwidth well be~ 
yond the generator's frequency 
coverage. 


The operational anp and loops 


Heath's designers have come up with 
what is essentially, a very high 
gain operational amplifier, with 
Tow output impedance and two in- 
puts, non-inverting and inverting. 
‘The Rc bridge is in the inverting 
(or degenerative) path; the non 
verting path is the main regenera: 
tive loop and is also the amplitude 
controlling network. (See Fig.1) 

T should explain at this point, 
that because of the low "Q" of RC 
tuned networks, it is essential to 
include then in an active filter 
configuration to insure low harmon= 
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ic generation in an osciliator of 
this type. It is highly desirable 
that the forvard amplifying path 
should be as high gain as possible, 
but at all tims, irrespective of 
the insertion losses of the fre 
quency determining networks, the 
closed loop gain should be just 
above unity. 

@ positive loop has in it 
positive temperature coefficient 
thermistor so as the amplitude of 
oscillations rises, it heats, re- 
sistance increases’ and the +ve 
feedback is reduced, thereby close~ 
Ay controlling the Closed loop gain 
st all frequency control element 
sectings, 


Checkout before modification 


As it stands, the I-18 checked out 
Well on this’ count, Over the entire 
range 1 Hz up to 100kiI2 it met 
their specification of #148 vari 
tion, Distortion wasn't quite as 
good'as specified, typically around 
+12 to Ov14%, rising appreciably 
fat the ends of the spectrum. Har~ 
monic products were a disconcerting 
mixture of mainly second, third, 
and higher orders. Hum also contri- 
buted to the residue when the pro- 
ducts were checked on an oscillo~ 
‘scope. 

‘Accuracy was poor at some points 
and while even the 45% isn't too 
wonderful for a decade instrument, 
fat sono scale settings the 16-18 
was 124 out! Finally, the wet 
drove me mad at frequencies below 
Volz, when it started to read indi- 


FiG.2 


Totens and mutipir switches 


r16.2. 


vidual half cycles in wild needle 
oscillations, becoming virtually 
useless in these ranges. 


first step 


I decided, first of all, to deal 
with the Serious blenisies--the 
frequency inaccuracies, This tumed 
out to be an error in assesbling 
the kit--very rare for Heath, in my 
experience. Heath improved the 16- 
18 over its ancestor, the IG-72 by 
Providing a continuously variable 
third significant figure, a most 
useful feature when one is checking 
resonant circuits. The change vir- 
tually removes the major disadvan- 
tage of a switched decade type in- 
strumnt, 

Unfortunately, the design re~ 
quizes the extra resistive elempt 
to be switched out altogether 


Modi fi cation 


in the "0" position, The ordinary: 
ganged potentionter used made it 
impossible to achieve this condi- 
tion. So when the resistive compo- 
nents in the bridge were relatively 
high in value, an error of up to 
108 was inevitable, 


Af you have made the kit already or 
will be getting one, it is a wise 
Precaution to check’that this com 
Ponent--a 1 megohm ganged control, 
Ry in the Heath schenatic--does go 
open circuit when in its zero or 
fully anticlockwise position, (See 
Fig. 2.) 
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yath designers added a variable rheostat to the three switches of 


the oscillator. Tae dual IM R& goes open circuit in its minimim position. 
author Will{amson says the unit vorks better if the 82Ki resistors which 
Heath supplies to go across the rheostat’s terminals are replaced with 
2000 units. The control adds a variable one cycle to whatever frequency 


the network's three ex tches produce. 


The Audio Amateur 


Step two, One other small layout 
error Heath has also accepted, and 
corrected, was giving rise to'ex- 
cessive crosstalk between the 
square and sine wave outputs, All 
that was necessary, was to shift 2 
common ground retum for the sine 
‘and square output attenuator sec- 
tions, The one for the square wave 
section is now separate and an ex- 
tra wire is taken from the attenu- 
ator direct to the ground line on 
the wave generator etched circuit 
board, All Heath's manuals subse- 
quent to Dec, 5, 1969 are anended, 
You'll find th of issue on 


the front cover, bottom right, 


MODIFICATION PARTS LIST 


Step one: 
1 dual IMG tinear rheosta 
(Check your kit before ordering) 
2 WOOK, #28 4. resistors 


Step two: 
One short length of hookup wire 
Step three: 


1 6s8uF @ 30V bead tantalum capa 
cltor 


Step four: 
1 100\F @ 6V electrolytic cape 
Step five: 


47KA 4W resistor 45% 

JOKG 3 resistor 35% 

Ina IW resistor 452 

1OuF # 16V Electrolytic cap, 
1OOuF @ 16V Electrolytic cap, 
4OKOB transistor (RCA) 


Step six: 
2 1000yF @ G4V Electrolytic €é 


Step seven 
1 S+6Ki 4W resistor 25% 

1 250,F @ 6V Electrolytic cap. 
1 Germanium diode (1N34, 1491) 
Step eight 


1 2N5087 (Hot) transistor 
1 220Ka 4M resistor #52 


Step nine 


1 40361 (RCA) transistor (04) 
1 40362 (RCA) transistor (05) 


Step ten 
47K WW resistor 5% 
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Amplifier attacked 


These changes move frequency accur~ 
acy to within specification, The 
check-out on a laboratory 
counter measures 0 to +3t; quite 
good, of course, but--voll, for a 
switched generator it could be « 
lot better, At this stage, having 
got wy review out of the way, T 
felt more and more convinced’ the 
16-18 could be such improved. T 
needed a really accurate, low dis- 
tortion generator for wy om use 


1 also one of ay om 
designs, was getting a little an- 
cient and its accuracy a little 
wayward, A bright and sunny English 
Sunday, late in the summer, there- 
fore, found me sitting in wy den 
surrounded by frequency counter, 
distortion measuring set capable of 
reading distortion products down to 
D:0018, oscilloscope and sundry 
other bits and pieces of test gear. 


Step three, 1 made my first attack 
upon the amplifier section of the 
sine wave generator (See Fig. 3), 
ince the harmonic content of the 
generated waveform was closely d 
pendent upon the open loop gain. 
First decided to, increase the value 


SCHEMATIC 


FIG3 


OF THE 


HEATHRIT® 
SINE-SOUARE AUDIO GENERATOR 


of a bypass capacitor in the base 
bins circuit for Q2 of the differ- 
ential input stage. Heath themselves 
Seemed to have had a bit of a prob- 
Jem deciding on the value for this 
capacitor, which goes to the ground 
Line from the slider of R9. The 
etched circutt board diagram indi- 
cates it should be a 0-005uF, 
whereas a slip in sy manual said 
O-68UF, which is what was supplied. 

My calculations indicated both 
were wrong. I had a hunch that in 
fact it should be a 6+83F, So I 
fitted a bead tantalua type (not 
less than 3OV, rating) and pot the 
First big improvement. Accuracy was 
now within #0+S$ over the entire 
range and total harsonic distortion 
dropped to below 0-18 over nearly 
all the range. 


Step four. With the bit now well 
between my teeth, I decided to at- 
tempt to further increase the for 
ward gain of the amplifier stage. 1 
added a 100uF (6V.) bypass capaci- 
tor across the exitter resistor of 
Q3 (Ril) on the underside of the 
etched circuit board. 


Modified metering 


By now, however, I noticed the dis- 


MODEL 16-18 
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tortion was very dependent upon the 
setting of the "Amplitude Fine’ 
control, xith high order products 
predominant, The reason for this 
vas obvious, the loading of the 
meter circuit and the nonlinear 
action of the diodes. The only ans- 
wer was a buffer amplifier and this 
is the only major modification, 


Step five, The added circuit, Fig. 
4, is a simple emitter follover, 
guite easily made up on perforated 
doard which can be suspended below 
the etched circuit board of the 
sine generator, The transistor T 
lused isn't too critical, so long as 
At has a Voeo rating greater than 
45, I used an RCA 40408, This left 
the distortion products quite clean 
and mainly low order, 


Step six, At this point, the level 
of harmonics were getting difficult 
to read because of hum and noise 
30 the power section was isproved 
by the simple sddition of extra 
smoothing prior to the regulator, 1 
‘added two capacitors, 1,000uF. 
each, 60V. working, across the ex- 
isting Ci and C2 (See Fig, 3), sol- 
dering then directly across the 
power supply etched circuit board, 
“Continued overleaf 
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Step 7--Damping sone waggles 


Before Leaving the meter circuit, I 
decided to do something about the 
poorly damped movenent and added a 
tow voltage working, 250xF, capaci- 
tor across the meter terminals. The 
meter action linearity also left a 
Little to be desired, due to the 
nonlinearity of the rectifiers, D3 
fand D4, This was corrected by sdd- 
ing a 5-6X resistor and a germanium 
diode across the meter terminals as 
well, Almost any small diode will 
do, provided it 1s a germanium ype 

Take care in adding the diode and 
capacitor to connect the proper 
polarities according to Fig. 4, 
‘This tightens up the meter accuracy 
incidentally, to within 22% as ag- 
ainst Heath's specified +58, The 
meter now reads without that vio~ 
lent needte waggle that irritated 
me 30 mich, dom to 1 Hz where the 
fluctuation in reading is less 
than 21dB, 


Step eight, I increased the current 
gain of QS by converting it into a 
compound pair, i.e. adding another 
transistor, The additional transis~ 
tor, Qla, shown in Fig. 5, should 
be thigh hye, low noise device 
with a Vogo. of not less than 45V, 
and wust, Of course, be a pnp. One 
has a variety to choose from and I 
uused a Motorola 2NSO87, 

You'll find it quite 
the extra transistor, Q3a to Q3. 
Just unsolder Q8's base lead (with 
‘1 heat sink attached) and then Lift 
it up out of the hole in the board, 
Bend this up in a "U" shape, Push 
the base lead of the Q3a transistor 
through: this hole, and solder. 

‘The collector lead of Q3a should 
be put through the sane hole as 
that of the original Q3's collector, 
and also soldered, Now join the 
base lead of Q3 to the emitter lead 
‘of QSa, along with one end of a 
220k resistor, The other end of 
this resistor goes to a convenient 
‘sve(B+) point on the etched circuit 
board, I found it a good idea to 
drill'a small hole (#58 drill) near 
the ¢ve end of RIl and solder the 
220k to the same section of the 
copper laninat 


asy to add 


Step nine. 1 changed the output 
transistors, Qt and QS to larger 
chip types, substituting the most 
inexpensive available: an RCA 40361 
for Qi, and RCA's 40362 for QS. (See 
Fig. 3) 

Step ten. Change RS in the differ- 
ential input from its original val- 
ue of 4-7kiito 47kO, 

The new speci fications 

‘These are about all the modifica- 


tons any hone constructor is able 
to do, The oscillator should now be 


The Audio Amateur 


FIG. 5, Details of adding « trans- 
Astor to 03 to make it a compound 
pair. See text. 


FIG. 6.Rise time of the square wave 
section of the 10-18, Distance be- 
tween graticule divisions=0-lusec. 
The author says the tiny ring at 
the top 1s test lead inductance, 


#1G.4. Additional circuitry for isolating the meter from the oscillator's 


amplif. 


set up in accordance with the in- 
th- 


rough 43, Please keep 
point in'mind, The adjustment of 
the feedback control, 7, is now 
going to be rather sharp, and hence 
a little more difficult to set. 
Also, when adjusting the bias con- 
trol, RQ, have the feedback control 
set fo the point where clipping is 
just noticeable on the -ve and sve 
half cycles of the wavefora, You 
Mill achieve the best results by 
Setting the bias so these clipping 
points are as symmetrical as possi- 
ble. 

Now, after doing all this, what 
are the results? You may rest a: 
sured, performance of your IG-18 
vill now be up to laboratory stand- 
ard, The distortion products of ay 
unit are typically 0-003%, with 
Roise contributing an equal asount 
0 that the total is always less 
than 0-01, Accuracy, as I said 
earlier is +0-St as the instrument 
stands, If you can get the use of a 
digital counter, you could do as I 
have and with a little bridge cir- 
cuit padding here and there, get it 
as close as) 0-24, 


Getting the best out 


Because of the circuit design, the 
unit will perform best when the 


xr and for damping low frequency oscillations in meter reading. 


"Coarse Amplitude control is in 
its highest position, permittin 
reclable attenuation with the 
"Fine" control, You will get mini- 
min noise products whenever you can 
use the "Tens" frequency switch, 
also, The nature of the distortion 
products is now much more clearly 
defined and almost pure second har- 
monic--ideal for amplifier masure- 

So far, I have said nothing about 
the square wave section. T do not 
need to, Heath have undersold then 
selves here, because it is way, way 
better than’ their modest claim of a 
50 nanosecond rise tine. I checked 
this on a Tektronix oscilloscope 
which has an inherent rise time on 
its vertical amplifiers of 12 nan- 
seconds, My ‘scope picture (see 
Fig, 7) shows it is at least equal, 
if not very mich better than thil 
0 absolutely no changes are neces- 
sary. 

Now T wonder if Heath might be 
thinking of updating their Harmonic 
Distortion Analyzer? 


[white we have no inside informa 
tion from Benton Harbor, we do have 
a edification of Heath's TH-58 in 
the works for publication sven. 
Tape butts will be particularly 
interested,--£4.} 


